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@ Process and catalyst for producing isotactic potyolefihs. 

@ This invention Is for a metallocene catalyst 
component useful In preparing Isotactic 
polyoiefins, a catalyst system using this compo- 
nent and a process for polymerizing olefins 
using the catalyst component. The catalyst 
component consists of a bridged metallocene 
in which one of the cydopentadlenyl rings is 
substituted in a different manner from the other 
ring. One of the cydopentadlenyl Uganda con- 
tains a bulky group in one and only one distal 
position and the other cydopentadienyl ligand 
has bflateraJ or pseudobttateral symmetry. 
There is a steric difference between the two Cp 

0n ?ho catalyst component is a stereorigid 
metallocene described by the formula : 

R* (CpR,0 (CpR'JMeQ* 
wherein each Cp is a cydopentadienyl or sub- 
stituted cydopentadlenyl ring ; each and R' m 
is a hydrocarbyl radical having 1-20 carbon x. 
atoms ; R" is a structural bridge between the 
two Cp rings imparting stereorigidity to the Cp 
rings ; Me is a transition metal ; and each Q is a 
hydrocarbyl radical or is a halogen. R' m is selec- 
ted so that (CpR'n) is a stericaily different sub- 
stituted cydopentadienyl ring than (CpR'„). The 
use of a metallocene catalyst component with 
stericaily different cydopentadienyl rings in 
which one and only one of the distal positions 
of the cydopentadienyl rings has a bulky group 
as a substituent produces isotactic polymer. 



FIG. I 




iPr[3-tBuCp(Flu)]ZrCI 2 
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BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTIQN: 

5 This invention relates to a metallocene catalyst component useful In preparing isotactic polyolef Ins. The 

catalyst component consists of a bridged metallocene in which one of the cydopentadienyl rings is substituted 
In a different manner from the other ring. The invention further includes a process of preparing isotactic poly- 
clef ins that comprises the use of one or more of the disclosed catalyst components and also a process for 
preparing the catalyst components. 

10 

DESCRIPTION OF THE PRIOR ART: 

The present invention provides a catalyst and process for polymerizing olefins having three or more carbon 
atoms to produce a polymer with a isotactic stereochemical configuration. The catalyst and process are par- 
15 ticuiariy useful in polymerizing propylene-to form isotactic polypropylene. The isotactic structure is typically 
described as having the methnyl groups attached to the tertiary carbon atoms of successive monomeric units 
on the same side of a hypothetical plane through the main chain of the polymer, e.g., the methyl groups are 
all above or all below the plane. Using the Fischer projection formula, the stereochemical sequence of isotactic 
polypropylene is described as follows: 

20 

I I I I 1 I I 

25 Another way of describing the structure is through the use of NMR spectroscopy. Bavey's NMR nomen- 

clature for an isotactic pentad is ...mmmm... with each W representing a "meso" dyad or successive methyl 
groups on the same side in the plane. As known in the art any deviation or inversion in the structure of the 
chain lowers the degree of isotacticity and crystallinity of the polymer. 

In contrast to the isotactic structure, syndic tactic polymers are those in which the methyl groups attached 

30 to the tertiary carbon atoms of successive monomeric units in the chain lie on alternate sides of the plane of 
the polymer. Using the Fischer projection formula, the structure of a syndiotactic polymer is designated as: 



In NMR nomenciature,.thls pentad Is described as ...rrrr... In which each V represents a "racemic" dyad, 
I.e., successive methyl group on alternate sides of the plane. The percentage of r dyads in the chain determines 

40 the degree of syndlotactldty of the polymer. Syndiotactic polymers are crystalline and, like the isotactic poly- 
mers, are Insoluble in xylene. This crystallinity distinguishes both syndiotactic and isotactic polymers from an 
atactic polymer that is soluble In xylene. Atactic polymer exhibits no regular order of repeating unit configura- 
tions in the polymer chain and forms essentially a waxy product. 

While it is possible for a catalyst to produce all t hree types of polymer, it is desirable for a catalyst to produce 

46 predominantly isotactic or syndiotactic polymer with very little atactic polymer. Catalysts that produce isotactic 
polyolef ins are disclosed in copending U.S. Patent Application Serial No. 317.089 filed Feb. 28, 1989, and U.S. 
Patent Nos. 4,794,096 and 4,975,403. This application and these patents disclosed chiral. stereorigid metal- 
locene catalyst components that are used in the polymerization of olefins to form isotactic polymers and are 
especially useful in the preparation of a highly isotactic polypropylene. Catalysts that produce syndiotactic poly- 

50 olefins are disclosed in U.S. Patent No. 4.892.851 . This patent discloses stereorigid metallocene catalyst com- 
ponents having sterically different cydopentadienyl ligands used in the polymerization of olefins to form syn- 
diotactic polymers and are especially useful in the preparation of highly syndiotactic polypropylene. Catalysts 
that produce he mi- isotactic polyolef ins are disclosed in U.S. Patent No. 5.036,034. This patent disclosed ster- 
eorigid metallocene catalyst components having a lack of bilateral symmetry used in the polymerization of ole- 

55 fins to form hemi- isotactic polymers and are especially useful in the preparation of rtemi-isotactic polypropy- 
lene. 

The isospeciflc metallocene catalyst components of the prior art did not exhibit bilateral symmetry of the 
cyclopentedienyl ligands. The syndiospecrfic metallocene catalyst components have bilateral symmetry or 
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pseudo-bilateral symmetry of the cyclopentadienyl ligands- The hemi-isospecific catalyst components have 
bDateral symmetry or pseudo-bilateral symmetry in only one cyclopentadienyl ligand. The present invention, 
however, provides a different dass of metallocene catalyst components that are useful in forming a catalyst 
for polymerization to produce Isotactlc polyolefins and. more particularly, isotactlc polypropylene. The isospe- 
eific metallocene catalyst components of the present invention have bilateral symmetry or pseudo-bilateral 
symmetry in only one cyclopentadienyl ligand and bulky substituents on the other cyclopentadienyl ligand. 

SUMMARY OF THE INVENTION 

The present invention provides an isospecifie catalyst, a process fer preparing the catalyst and a poly- 
merization process for preparing isotactic polyolefins. more particularly, isotactlc polypropylene, using the cat- 
alyst. The novel catalyst component provided by the present invention is a stereorigid metaJlocene described 
by the formula: 

R"(CpR n )(CpR'm) MeQit 

wherein each Cp is a cyclopentadienyl or substituted cyclopentadienyl ring; each R„ and R' m is a hydrocarbyl 
radical having 1-20 carbon atoms; R" is a structural bridge between the two Cp rings imparting etereorigidity 
to the Cp rings; Me is a transition metal; and each Q is a hydrocarbyl radical or is a halogen. Further. R' w is 
selected so that (CpR**) is a sterically different substituted cyclopentadienyl ring than (CpR'„). It was discov- 
ered that the use of a metallocene catalyst component with sterically different cyclopentadienyl rings in which 
one and only one of the distal positions of the cyclopentadienyl rings has a bulky group as a substttuent pro- 
duces isotactic polymer. 

The present invention provides a process for producing isotactic polyolefins and, particularly, isotactic 
polypropylene, that comprises utilizing at least one of the catalyst components described by the above formula 
and introducing the catalyst Into a polymerization reaction zone containing an olefin monomer. In addition, a 
cocataryst such as alumoxane and/or an ionic compound capable of reacting with the metallocene to form a 
cationic metallocene may be introduced into the reaction zone. Further, the catalyst componentmay also be 
pre-polymerized prior to introducing It Into the reaction zone and/or prior to the stabilization of reaction condi- 
tions in the reactor. 

The present invention also includes a process for preparing a bridged metallocene component comprising 
contacting a cyclopentadienyl or substituted cyclopentadienyl with an alMsBylchloride followed by a second 
equivalent of a different cyclopentadienyl or substituted cyclopentadienyl to produce a silicon bridged disub- 
stituted cyclopentadienyl. 

The present invention further includes a process for preparing a bridged metallocene catalyst component 
comprising contacting a substituted cyclopentadiene anion having bulky substituents on the cyclopentadienyl 
ring with a substituted cyclopentadiene anion having bilateral symmetry or pseudo-bilateral symmetry in one 
cyclopentadienyl ligand under reaction conditions sufficient to produce a bridged dicyclopentadiene or substi- 
tuted dicyclopentadiene. The process further comprises contacting the bridged dicyclopentadiene with a metal 
compound of the formula MeQ k as defined above under reaction conditions sufficient to complex the bridged 
dicyclopentadiene to produce a bridged metaJlocene wherein Me is a Group IIIB, IVB, VB or VIB metal from 
the Periodic Table of Elements, each Q is a hydrocarbyl radical having 1-20 carbon atoms or is a halogen and 
k is the valence of Me minus 2. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Amore complete appreciation of the Invention and many of the attendant advantages thereof wfll be readily 
understood by reference to the following detailed description when considered in connection with the accom- 
panying drawings wherein: 

FIG. 1 is an illustration of the structure of a preferred catalyst component of the present invention and spe- 
cifically shows iso-propyl (3-t-butyl-cydopent8dienyl)(fluorenyt) zirconium dfchloride. 

FIG. 2 is an NMR spectra for the polymer produced in using iso-propyl(3-t-butyl cydopentadienyl)(fluore- 
nyl) zirconium dichloride. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a catalyst and process for the production of isotactic polyolefins. particu- 
larly isotactic polypropylene. The catalyst components of the present invention are generally in a dass which 
produces syndiotactic polyolefins, i.e., metallocenes with bilateral symmetry or pseudobilateral symmetry, as 
disclosed in U.S. Patent No. 4.892.851; however, the catalyst components of the present invention unexpect- 
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edly produce isotactic polyole/Ins. One potential mechanism, without limiting the scope of the claims, is that 
one of the possible monomer coordination sites is blocked by a bulky group in one and only one distal position 
of-one of the cyclopentadienyl ligands. "Bulky" is related to spatial displacement and in this invention means, 
preferably, having a spatial displacement greater than a methyl (CH 3 ) group and, more preferably, having a 

5 spatial displacement equal to or greater than a t-butyf group (CHjCHjCHjC) group. 

When propylene or other aJpha-olef ins are polymerized using a catalyst component consisting of a tran- 
sition metal compound, the polymer product typically comprises a mixture of amorphous atactic and crystalline 
xylene insoluble fractions. The crystalline fraction may contain either Isotactic or syndlotactlc polymer, or a 
mixture of both. Highly iso-specific metallocene catalyst components are disclosed In copending U.S. Appll- 

10 cation Serial No. 317.089 and U.S. Patent Nos. 4.794,096 and 4.975,403. Highly syndiospecific metallocene 
catalyst components are disclosed in U.S. Patent No. 4,892.851. in contrast to the catalyst components dis- 
closed in that patent, the catalyst components of the present invention are iso-specific and produce a polymer 
with a high isotactic index and higher molecular weight compared to polymer produced by other isos pacific 
catalyst components. 

is The metallocene catalyst components of the present invention may be described by the formula R^CpRJ 

(CpR' m )MeQ k wherein each Cp is a cyclopentadienyl or substituted cyclopentadienyi ring; R„ and R m are hy- 
drogen or a hydrocarbyi radical having 1-20 carbon atoms, each R n may be the same or different, each R' m 
also may be the same or different and one R„ or R* m is bulky group of the formula A(R«} V , where A is chosen 
from Group IVA, oxygen and nitrogen, preferably is carbon or silicon, most preferably is carbon, and R* is hy- 
. 20 drogen or a hydrocarbyi radical from 1-20 carbon atoms, R* being the same or different preferably is a methyl 
radical or phenyl radical, most preferably, is a methyl radical, in one and only one distal position where distal 
refers to position 3 or 4 of the cyclopentadienyl ring relative to the carbon attached to R" (position 1), v is the 
valence of A; R" is a structural bridge between the two Cp rings imparting stereorigidity to the Cp rings within 
the catalyst component and is preferably selected from the group consisting of an alkyl radical having 1-4 car- 

25 bon atoms or e hydrocarbyi radical containing silicon, germanium, phosphorus, nitrogen, boron, or aluminum; 
Me is a group IVB, VB or VIB metal from the Periodic Table of Elements; each Q is a hydrocarbyi radical having 
1-20 carbon atoms or is a halogen; k is p - 2 where p is the valence of Me; having 0 ^ n £ 4; and 1 =5 m =5 4. 
An additional representation of the metallocene catalyst components of the present Invention Is: 




46 where R, R\ R*. Me, Q and k are as defined above. 

The metallocene catalyst component may be supported or unsupported. The support can be any solid 
which is chemically inert and unreactive with the metallocene and the other catalyst components. Examples 
of support material are porous materials such as talc; inorganic oxides, such as Group HA, lltA, IVA or IVB metal 
oxides, specifically, sPrca, alumina, magnesia, titania. zircon ia, and mixtures thereof; and resinous materials, 

so such as potyolef ins, specifically, finely divided polyethylene. 

The Cp rings in the metallocene catalyst component must be substituted in a substantially different manner 
so that there is a steric difference between the two Cp rings, and therefore, R' m is selected such the (CpR'„) 
is a substantially different substituted ring than <CpR„). In order to produce a syndiotactic polymer, the char- 
acteristics of the groups substituted directly on the cyclopentadienyl rings seem to be important Thus, by "ste- 

55 ric difference" or "sterically different'" as used herein, it Is intended to imply a difference between the steric 
characteristics of the Cp rings that controls the approach of each successive monomer unit that is added to 
the polymer chain. The metal atom is chiral and can be labeled with the rotation R or S by extension of the 
Cahrvlngold-Prelog rules, tt is believed that the steric difference between the Cp rings may act to block the 
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approaching monomer from a random approach and controls the approach such that the coordination sites 
alternate (R and S) during the polymerization giving the syndiotactic configuration. To produce an isotactic 
polymer instead of a syndiotactic polymer using this class of metallocenes. one of the cydopentadienyl rings 
must have a bulky group in a distal position. 

5 One of (CpR n ) or (CpR'm) have bilateral symmetry or pseudobilaterai symmetry and the other has a bulky 

substituenL Bilateral symmetry is defined as the condition in which there is no substituents or one or more 
substituents on one side and no substituents or one or more substituents on the other side in the same relative 
position such that a mirror image is formed from one side to another. One example of such a compound Is 
isopropyl(3-t-butyl cydopentadienyl- 1-f I uorenyl)zirconium dlchloride. abbreviated iPrt3-tBuCp{Flu)JZrCi 2 . An II- 

10 lustration of the ligands of this compound are shown below: 




Bilateral symmetry is illustrated by the fluorenyt radical having its right side being a mirror image of its left side. 

Pseudobilaterai symmetry is defined as symmetry such that a mirror image exists from one side to the 
other in regard to the existence and position of substituents but the substituents themselves are not identical. 
This is illustrated below: 




Pseudobflateral symmetry is illustrated by the substituents being in the same relative position, i.e., forming a 
mirror image as to location of substituents on the cydopentadienyl ring, but the substituents are not the same. 
Without intending to limit the scope of the present invention as indicated by the daims, it is believed that 
55 in the polymerization reaction the bulky group prevents both the catalyst and the approaching monomer units 
from isomerizing with each monomer addition to the polymer chain. This lack of dual isomerization of the mono- 
mer which, is controlled, by the steric blockage of the differently substituted Cp rings, one of which having a 
bulky group in a distal position, results In the successive configuration characteristic of Isotactic polymers and 
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is in contrast to the metallocene catalyst components disclosed in U.S. Patent No. 4,892,851. 

In a preferred catalyst of the present invention, Me Is titanium, zirconium or hafnium; Q is preferably a ha- 
logen, and it is most preferably chlorine; and k is preferably 2. Exemplary hydrocarbyl radicals include methyl, 
ethyl, propyl, Isopropyl, butyl, isobutyl. amyl, isoamyl, hexyl, heptyl. octyi. nonyl, decyl, cetyi, phenyl, and the 
5 like. Other hydrocarbyl radicals useful in the present catalysts Include other alkyi, aryl, alkenyl, alkylaryl or 
aryialkyl radicals. Further, R„ and R'„, may comprise hydrocarbyl radicals attached to a single carbon atom in 
the Cp rings as well as radicals that are bonded to two carbon atoms in the ring. Preferably, R' m is selected 
such that (CpR' m ) forms a fluorenyl, alkyi substituted Indenyl or tetra-, tri-. or dialkyl substituted cydopenta- 
dlenyl radical and, most preferably, is a fluorenyl radical. Preferably (CpR«) is a cydopentadlenyl radical sub- 
to stituted with a group chosen from -C(CHa) 3 . -CtCHifePh. -CPh 3 or - Si(CHa) 3 . most preferably is -C(CH 3 )j. FIG. 
1 shows an illustration of the structure of a preferred catalyst componsnt isopropyl(f luorenyi)(3-t-butyl cydo- 
pentadienyl) zirconium dichloride. Preferably. R" is selected from the group consisting of an alkylene radical 
having 1-20 carbon atoms, a cyclic hydrocarbyl radical having 3-12 carbon atoms, an aryl radical, a diaryl me- 
thyl radical, a diaryl silyl radical, a silicon hydrocarbyl radical, a germanium hydrocarbyl radical, a phosphorus 
15 hydrocarbyl radical, a nitrogen hydrocarbyl radical, a boron hydrocarbyl radical, and an aluminum hydrocarbyl 
radical and more preferably is a methyl, ethyl, isopropyl, cyciopropyi. dimethylsilyt. methylene, ethylene or dh 
phenylmethyl or diphenylsilyl radical. 

The catalyst component may be prepared by any method known in the art Two methods of preparing the 
catalyst component are disclosed below with the second method being preferred as it produces a more stable 
20 and active catalyst. It is important that the catalyst complex be "clean' as usually low molecular weight, amor- 
phous polymer is produced by impure catalysts. Generally, the preparation of the catalyst complex consists 
of forming and isolating the Cp or substituted Cp ligands which are then reacted with a halogenated metal to 
form the complex. 

A process for preparing a bridged metallocene catalyst component comprises contacting a substituted cy- 
25 clopentadiene having bulky substituents on the cydopentadienyl ring with a substituted cydopentadiene hav- 
ing bilateral symmetry or pseudo-bilateral symmetry in one cydopentadienyl ring under reaction conditions suf- 
ficient to produce a bridged substituted dlcydopentadlene. The process further comprises contacting the bridg- 
ed substituted dlcydopentadlene with a metal compound of the formula MeQ* as defined above under reaction 
conditions sufficient to complex the bridged dicydopentadiene to produce a bridged metallocene wherein Me 
30 is a Group IIIB. I VB. VB or VIB metal from the Periodic Table of Elements, each Q is a hydrocarbyl radical having 
1-20 carbon atoms or is a halogen and 0 £ k s5 4. The process step of contacting the bridged substituted di- 
cydopentadiene with a metal compound can be performed in a chlorinated solvent. 

Another process for preparing a bridged metallocene catalyst component comprises contacting a substi- 
tuted cydopentadiene having bulky substituents on the cydopentadienyl ring with an alkylsilylchloride of the 
35 formula R A 2 SiX 2 where R* is a hydrocarbyl radical having 1-20 carbon atoms and X is an halogen. A second 
equivalent of a different substituted cydopentadiene having bilateral symmetry or pseudo-bilateral symmetry 
in one cydopentadienyl ring is added to produce a sflicon bridged disubstituted cydopentadiene. The subse- 
quent steps are similar to those above for producing a bridged disubstituted cydopentadiene coordinated to 
a metal. 

40 The metallocene catalyst components of the present invention are useful In many of the polymerization 

processes known in the art induding many of those disdosed for the preparation of isotactic polypropylene. 
When the catalyst components of the present Invention are used In these types of processes, the processes 
produce isotactic polymers rather than syndiotactic polymers. Further examples of polymerization processes 
useful in the practice of the present Invention indude those disclosed in U.S. Application Serial No. 009,712, 

46 f Bed on Feb. 2, 1987, and now U.S. Pat No. 4,767,735, and U.S. Application Serial No. 282,984, filed on Feb. 
28, 1989, and now U.S. Patent No. 4.975,403, the dbdosures of which are hereby incorporated herein by ref- 
erence. These preferred polymerization procedures indude the step of prepolymerizing the catalyst compo- 
nent by contacting the catalyst component with a cocatalyst and an def in monomer prior to introduction into 
a reaction zone at a temperature below that of polymerization. 

so Consistent with the prior disdosures of metallocene catalyst components for the production of isotactic 

polymers, the catalyst components of the present invention are particularly useful in combination with an alu- 
minum cocatalyst. preferably an alumoxane. an alkyi aluminum, or other Lewis acids or a mixture thereof to 
form an active catalyst In addition, a complex may be isolated between a metallocene catalyst component as 
described herein and an aluminum cocatalyst in accordance with the teachings of European Patent Publication 

55 No, 226,463. published on June 24, 1987, and assigned to Exxon Chemical Patents, Inc. with Howard Turner 
listed as the inventor. As disdosed therein, a metallocene is reacted with an excess of alumoxane in the pres- 
ence of a suitable solvent A complex of the metallocene and alumoxane may be isolated and used as a catalyst 
in the present invention. 
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The alumoxanea useful in combination with the catalyst component of the present invention, either in the 
polymerization reaction or in forming the complex disclosed in Turner, may be represented by the general for- 
mula (R-A1-0-)« in the cyclic form and R(R-A1-0)-„-ALR2 in the linear form wherein R is an alkyl group with 
one to five carbon atoms and n is an integer from 1 to about 20. Most preferably, R Is a methyl group. The 

5 alumoxanes can be prepared by various methods known in the art Preferably, the are prepared by contacting 
water with a solution of trialkyl aluminum, such as, trimethyl aluminum, in a suitable solvent such as benzene. 
Another preferred method includes the preparation of alumoxane in the presence of a hydrated copper sulfate 
as described in U.S. Pat No. 4,404,344, the disclosure of which is hereby incorporated by reference. This meth- 
od comprises treating a dilute solution of trimethyl aluminum in toluene with copper sulfate. The preparation 

io of other aluminum cocataiysts useful in the present invention may be prepared by methods known to those 
skilled in the art 

An alternative to the use of MAO co-catalyst is a catalyst system of a metallocene, a Lewis acid ionic ion- 
izing agent and, optionally, an aluminum alkyl. Methods for preparing a cattonic metallocene catalyst system 
are disclosed in U.S. Patent Application Serial Nos. 419,057 and 419,222, which are hereby incorporated by 

15 reference. The ionizing agent which is an ion pair ionizes the metallocene to a cation. The metallocene cation 
forms on ion pair with the anion component of the ionizing agent. The segment of the metallocene compound 
removed by ionization forms an anion which associates with the cation component of the ionizing agent The 
ion pair formed from the anion of the segment of metallocene and the cation of ionizing agent is chemically 
inert and non-reactive with regard to the metallocene cation and the metallocene cation ionizing agent anion 

20 ion pair which is an active catalyst for polymerization of olefins. 

An aluminum alkyl, such as triethyl aluminum, is useful in such an ionic catalyst system to improve yields. 
It is believed that aluminum alkyl acts to enhance the ionizing process and to scavenge catalyst poisons. 

The Examples given below illustrate the present invention and Ha various advantages and benefits in more 
detail. Two different synthesis procedures, designated as I and II, are described. The synthesis procedures in 

25 both methods were performed under an Inert gas atmosphere using a Vacuum Atmospheres glove box or 
Schlenk techniques. The syntheses process generally comprises the steps of (1) preparing the halogenated 
or alkylated metal compound. (2) preparing the ligand, (3) synthesizing the complex, and (4) purifying the com- 
plex. The syntheses of the bridged, substituted dicydopentadienyl ligand was accomplished by contacting ful- 
vene or a substituted fulvene with a cyclopentadienyl or substituted cydopentadienyt under reaction conditions 

x> sufficient to produce a bridged dicyclopentadiene or substituted dicyciopentadiene. As known in the art, fulvene 
is Cp=C in which a carbon atom is bound by a double bond to a cyclopentadienyl ring. Substituted fulvene as 
used herein is intended to mean (CpRJ=CR' b wherein fulvene is substituted either on the Cp ring or at the 
terminal carbon atom or both R, and R b ' are hydrocarbyl radicals, with each R, and R b ' being the same or 
different, and 0 s a s 4 and 0 s b s 2. The other three steps of the synthesis may be performed as shown 

35 below or other methods known in the art The general formula for the catalyst component produced by these 
methods is isopropyl(fluorenyl) (3-t-butyl cyclopentadienyl) MeCI 2 wherein Me is either zirconium or hafnium 
depending on the example. FIG. 1 shows the structure of the zirconium catalyst component The hafnium cat- 
alyst component has essentially the same structure with Hf positioned in place of the Zi atom. 

40 Method I 

(CH 3 )2$i[3-t-BuCp<Ru)JZra2 was prepared by adding 22 mLof 1.4 M methyilithlum In ether to 5.0 g of flu- 
orene In 60 mL of pentane at 22°C. After 4 ours solvents were removed with a cannula and 60 mL of fresh 
pentane were added to the yellow solids. Dimethyidichlorosilane (6 Ml, 50 mmol) was syringed Into thefluor- 

46 enyllithium slurry at -7B°C. After warming to room temperature, unreacted dimethyidichlorosilane and pentane 
were removed In vacuo. The remaining oil was dissolved in pentane without removing the UCI and 3.6 g (30 
mmol) of t-butylcydopentadienyllithium were added as a 1.0 M solution in THE After stirring for 2 hours the 
reaction mixture was filtered and 60 mmol of butyllithium in hexane were added slowly. to the filtrate. Stirring 
was continued for several hours. The dilithio salt of (CH 3 )2Si(3-t-BuCp)(Ru) was isolated by evaporating the 

50 solvents under reduced pressure and washing the remaining solids with hexane. The dilithio salt was reslurried 
in hexane and 6.5 g of ZrCI 4 were added and stirring continued for 12 hours. 11 .8 g of the crude metallocene 
and UCI were collected on a dosed filter. The crude product was extracted* with dichloromethane. (CH^S^ 
t-BuCp(Flu)ZrCI 2 was obtained as a yellow crystalline solid by concentrating and cooling the extract. 'H-NMR 
(COjOj) ppm: 8.09 (t2H), 7.59 (m, 4H) 7.29 (t2H). 6.37 (broad singlet 1H). 5.83 (broad singlet 1H), 5.63 

55 (broad singlet 1H). 1.14, 1.12. 1.10 (three singlets, 15H). 
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Method ii 

In this process, methylene chloride is used as a non-coordinating solvent. The process described below 
uses zirconium as the transition metal, but the procedure is adaptable for use with hafnium, titanium or other 

5 transition metals. The substituted dicyclopentadienyl ligand was synthesized as follows: 13.7 g of f luorene was 
dissolved in 1 80 ml of THF and 35 ml of 2.5 M of butyilithium was added slowly at 0°C. After stirring for one 
hour, 14 g of 3-t-butyl-6.6-dlmethy1furvene in 40 ml of THF were added over the course of a one hour period. 
The solution was stirred for approximately 1 2 hours. 50 ml of water and the red THF solution were mixed to- 
gether and stirred for 10 minutes. The organic layer was separated and dried over MgS0 4 . The ether was 

10 evaporated leaving a yellow solid residue, a mixture of the iPr <3-t-BuCp)(Flu) and f luorene. The fhjorene was 
sublimed off. The dHithio salt of the ligand was prepared by adding 16.4 mmol of n-butyl lithium in hexane to 
8.2 mmol of the ligand dissolved in 60 ml of ether and stirred for approximately 12 hours. The solvents were 
removed in vacuo and the red dilithio salt was washed with pentane. The solid dianion was redissolved in cold 
dichloromethane (-78°C). An equivalent of ZrCI« slurried in dtehloromethane (125 ml at -78 C) was added by 

15 cannula. The reaction mixture gradually warmed to room temperature wnile stirring for approximately 12 hours, 
lid precipitated as a white solid which was filtered off. The filtrate was concentrated and coded to 0-20 p C. 
After 14 hours. 1.2 g of iPr(3-t-BuCp) (Flu) ZrO< were collected, washed with toluene, then wit pentane and 
dried in vacuo. 'H-NMR (COjCy ppm: 8.12(d. 2H); 7.86 (d, 1H); 7,81 (d, 1H); 7.53 (m. 2H); 7.24 (m. 2H); 6.14 
(t. 1H); 5.78 (t 1H); 5.62 (t, 1H); 2.37 (s. 6H); 1.15 (s. 9H). 

20 The invention having been generally described, the following examples are given as particular embodi- 

ments of the invention and to demonstrate the practice and advantages thereof. It is understood that the ex- 
amples are given by way of illustration and are not intended to limit the specification or the claims to follow in 
any manner. 

25 EXAMPLE 1 

2.5 mg of IPrf>tBuCp(Flu))ZrCI 2 were dissolved In 5 mLof a 10 wt% MAO In toluene solution. The catalyst 
solution was transferred to a stainless steel sample cylinder and charged Into an autoclave reactor, containing 
500 mL of toluene thermostated at 30°C, with 100 psi of propylene. The contents of the reactor were stirred 
30 at 30°C for one tour under 100 psi propylene pressure. At the end of this time polymerization was terminated 
by rapidly venting the reactor of unreacted monomer and opening the reactor to the air. Several hundred mil- 
liliters of methanol/4IM HCI solution were added to the toluene slurry. The precipitated polymer was collected 
on a filter funnel and dried In a vacuum oven prior to analysis. The polymer analysis is shown in Table I. 

35 EXAMPLE 2 

1.0 mg of iPrf3-t-BuCp(Flu)]Zrd 2 were dissolved in 5 mLof 10 wt% MAO in toluene, transferred to a stain- 
less steel sample cylinder, and charged with 400 mL of propylene into an autoclave reactor containing 1000 
mL of propylene stirring at room temperature. The catalyst was prepotymerized insitu by heating the reactor 
40 contents to 60°C within 5 minutes. After stirring at 60°C for one hour, the polymerization was terminated by 
rapidly venting the unreacted monomer and opening the reactor to the air. The contents of the reactor were 
dried in a vacuum oven prior to analysis. The polymer analysis Is shown In Table I. 

EXAMPLE 3 

46 

The same procedure as Example 1 was followed except 5.0 mg of Me 2 Sll3-tBuCp(Flu)lZrCI 2 were used. 
The polymer analysis is shown in Table I. 

EXAMPLE 4 

50 

The same procedure of Example 2 was followed except 1 .0 mg of MeaSifS-tBuCjKFluJJZrCIa was used and 
the polymerization time was 30 minutes. The polymer analysis is shown in Table I. 
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♦Intrinsic viscosity is in Dec&lin { Decahydronaphthalene) at 135*C 
** iPr[3-tBuCp(Flu) ]ZrCl 2 - isopropy 1 [ ( 3 - t-buty 1- 
cyclopentadienyl) (fluorenyl) ] zirconium dichloride 

*** Me 2 Si[3-t-BuCp(Flu) ]Zrclj - dimethylsilylf (3-t-butyl- 
20 • cyclopentadienyl) (fluorenyl) ] zirconium dichloride 



Obviously, numerous modifications and variations of the present invention are possible In light of the above 
teachings. It is therefore to be understood that within the scope of the appended claims, the invention may 
be practiced otherwise than as specifically described herein. 



Claims 

1. A metallocene catalyst component for use In preparing isotactic poiyolef ins, said component described 
by the formula 

R"(CpR«) <CpR' m ) MeO* 

wherein each Cp is a substituted cydopentadienyi ring; each R„ is the same or different and is a 
hydrocarbyt radical having 1-20 carbon atoms; each R' m is the same or different and is a hydro carbyl rad- 
ical leaving 1-20 carbon atoms; either CpRn or CpR' m has bilateral or pseudobilateral symmetry and the 
other CpR,, or CpR' m contains a bulky group in one and only one of the distal positions; R" is a structural 
bridge between the Cp rings imparting sterecrigidity to the catalyst component; Me is a Group III B, IVB, 
VB or VI B metal from the Periodic Table of Elements; each Q is a hydrocarbyl radical having 1-20 carbon 
atoms or is a halogen; k is p - 2 where p is the valence of Me, 0Sn54;1 s m s 4 

wherein the bulky group is of the formula AR* ¥1 where A is chosen from Group IVA, oxygen and 
nitrogen and R» is a hydrogen or hydrocarbyl radical from 1-20 carbon atoms, R» being the same or dif- 
ferent, and v is the valence of A. 

2. The catalyst component of Claim 1 wherein CpR„ contains the bulky group In which R« is a methyl radical 
or phenyl radical. 

3. The catalyst component of Claim 2 wherein R« is a methyl radical. 

4. The catalyst component of Claim 1 wherein A is carbon or silicon. 

5. The catalyst component of Claim 4 wherein A is carbon. 

6. The catalyst component of Claim 1 wherein A(R») is selected from -C(CH 3 ) 3 , «C(CH 3 >2Ph, -CPh 3 or -SI 
<CH 3 ) 3 . 

7. The catalyst component of Claim 6 wherein A(R») is -C(CH 3 ) 3 . 

8. The catalyst component of Claim 1 wherein R" Is selected from the group consisting of an alkylene radical 
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leaving 1-20 carbon atoms, a cyclic hydrocarbyt radical having 3*12 carbon atoms, an aryl radical, a diaryl 
methyl radical, a diaryl silyi radical, a silicon hydrocarbyl radical, a germanium hydrocarbyi radical, a phos- 
phorus hydrocarbyf radical, a nitrogen hydrocarbyl radical, a boron hydrocarbyl radical, and an aluminum 
hydrocarbyl radical. 

9. The catalyst component of Claim 8 wherein R* is a methyl, ethyl, Isopropyl, cydopropyl, dimethylsilyl, me- 
thylene, ethylene, diphenylmethyl or diphenylailyl radical. 

10. The catalyst component of Claim 1 wherein R' m is selected such that (CpR' m ) forms a fluorenyl, alkyl sub- 
stituted indenyl, or tetra-. tri-, or diaJkyl substituted cyciopentadienyl radical. 

11. The catalyst component of Claim 1 wherein R"(CpR n )(CpR' m ) forms an isopropyl (3-t-butyl cyciopentadie- 
nyl- 1 -fluorenyl) radical. 

12. The catalyst component of Claim 1 wherein Me is titanium, zirconium or hafnium. 

13. A catalyst for use in preparing isotactic poJyoief ins comprising: 

a) the catalyst component of Claim 1 and 

b) an aluminum compound selected from the group consisting of alumoxanes, alkyl aluminums, other 
Lewis acids and mixtures thereof. 

14. The catalyst of claim 13 comprising an isolated complex of the metaJlocene catalyst of Claim 1 and the 
aluminum compound. 

15. A process for polymerizing an olefin monomer to form a isotactic polyolefln, said process comprising: 

a) selecting a metallocene catalyst component described by the formula: 

R"(CpRn) <CpR'„0 MeQfc 

wherein each Cp is a substituted cyciopentadienyl ring; each R* is the same or different and is 
a hydrocarbyl radical having 1-20 carbon atoms; each R' m is the same or different and is a hydrocarbyl 
radical having 1-20 carbon atoms; either CpR« or CpR'm has bilateral or pseudobiiateral symmetry and 
the other CpR„ or CpR' m contains a bulky group in one and only of the distal positions; R~ is a structural 
bridge between the Cp rings imparting stereorigidity to the catalyst component; Me is a Group IIIB. IVB, 
VB or VIB metal from the Periodic Table of Elements; each Q is a hydrocarbyl radical having 1-20 carbon 
atoms or is a halogen; k is p - 2 where p is the valence of Me, 0£n£4;1£m£4 

wherein the bulky group is of the formula A(R»)v, where A is chosen from Group IVA, oxygen or 
nitrogen, and R« is a hydrogen or hydrocarbyl radical from 1-20 carbon atoms, R* being the same or 
different, v is the valence of A; 

b) forming a catalyst from the catalyst component; and 

c) introducing the catalyst into a polymerization reaction zone containing an olefin monomer and main- 
taining the reaction zone under polymerization reaction conditions. 

16. The process of Claim 15 wherein Me is titanium, zirconium or hafnium. 

17. The process of Claim 1 5 wherein R" is selected form the group consisting of an alkyiene radical having 
1-20 carbon atoms, a cyclic hydrocarbyl radical having 3-12 carbon atoms, an aryl radical, a diaryl methyl 
radical, a,diaryl silyl radical, a silicon hydrocarbyt radical, a germanium hydrocarbyl radical, a phosphorus 
hydrocarbyl radical, a nitrogen hydrocarbyl radical, a boron hydrocarbyl radical, and an aluminum hydro- 
carbyl radical. 

18. The process of Claim 17 wherein R" is a methyl, ethyl, Isopropyl, cydopropyl, dlmethylsllyi, a methylene, 
ethylene, diphenylmethyl or dlphenytsilyl radical. 

19. The process of Claim 15 wherein R m is selected such that (CpR'J forms a fluorenyl, alkyl substituted in- 
denyl, tetra-. bl, or di-aikyl substituted cydopentadlenyf radical. 

20. The process of Claim 19 wherein R" m is selected such that (CpR' w ) forms a fluorenyl. 

21. The process of Claim 15 wherein is a tertiary butyl group. 

22. The process of Claim 15 wherein R" (CpR„) (CpR'J forms an isopropyf(3-t-butyt cydopentadienyl-1-ftu- 
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orenyl) radical. 

23. The process of Claim 1 5 further comprising forming a catalyst with an aluminum compound selected from 
the group consisting of alumoxanes, alkyl aluminums and mixtures thereof. 

24. The process of Claim 23 comprising an forming a catalyst from an isolated complex of the metal locene 
catalyst and the aluminum compound. 

25. The process of Claim 15 further comprising prepoJymerizing the catalyst component prior to introducing 
it into the reaction zone, said step of pre polymerizing including contacting the catalyst component with 
an olefin monomer and an aluminum compound at a temperature below that of polymerization. 
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